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Two  new  heterometallic  coordination  polymers  [ZnNa(ehbd)2(N3)]n  (1)  and  [Cu3Na2(ehbd)2(N3)6]n  (2) 
( Hehbd  is  3-ethoxy-2-hydroxybenzaldehyde)  have  been  synthesized  under  room  temperature  and 
structurally  characterized  by  elemental  analysis,  IR,  UV,  TG  and  single  crystal  X-ray  diffraction.  Complex 
1  crystallizes  in  the  orthorhombic  space  group  Pbca,  showing  a  one-dimensional  (1-D)  chain.  Complex  2 
crystallizes  in  the  triclinic  space  group  Pi,  constructing  a  heterometallic  2D  layer  structure.  Luminescent 
properties  and  magnetic  properties  have  been  studied  for  1  and  2,  respectively  and  the  fluorescence 
quantum  yield  of  1  is  0.077. 

©  2014  Elsevier  Inc.  All  rights  reserved. 


1.  Introduction 

The  research  on  coordination  polymers  (CPs)  or  metal-organic 
framework  has  recently  attracted  a  great  deal  of  attention  within 
the  fields  of  crystal  engineering  and  inorganic,  coordination,  and 
material  chemistry,  particularly  in  view  of  the  structural  diversity 
and  promising  applications  of  compounds  such  as  multifunctional 
materials.  [1-10].  In  contrast  to  the  very  broad  use  of  rare  earth  or 
transition  metals  as  nodes  in  the  construction  of  coordination 
polymers  [11,12],  through  s-block  metal  centers  that  have  versatile 
coordination  and  supramolecular  behaviors,  nontoxic  nature,  and 
widespread  presence  in  diverse  natural  environments  and  living 
systems,  the  application  of  the  common  s-block  metal  centers  (i.e. 
Li,  Na,  K,  Mg,  Ca)  for  such  a  purpose  has  been  explored  to  a  lesser 
extent  [13-20].  Moreover,  heterometallic  coordination  polymers 
incorporating  both  transition  and  alkaline  or  alkaline  earth  metals 
are  even  less  common  [13-22],  although  the  introduction  of  two 
different  metal  centers  can  alter  the  structural,  topological,  and 
physicochemical  properties  of  the  resulting  network  materials. 

An  effective  and  facile  approach  for  the  synthesis  of  such 
complexes  is  still  the  appropriate  choice  of  well-designed  organic 
ligands  as  bridges  or  terminal  groups  with  transition  metal  ions  and 
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alkali  metal  ions  as  nodes.  As  well  known,  2-hydroxy-3-methoxy- 
benzaldehyde  has  been  reported  of  four  coordination  modes  which 
are  j^3:rj2:rj2:r]^  (Scheme  Sla)  [23],  juprfrf  (Scheme  Sib)  [24,25], 
li2 rf-.rf-.rj1  (Scheme  Sic)  [15,26-28]  and //4://3://2://1  (Scheme  Sid) 
[29],  but  its  analog,  3-ethoxy-2-hydroxybenzaldehyde  (Hehbd),  has 
just  been  reported  of  two  coordination  modes  which  are 
(Scheme  lb)  [30-32]  and  fiyrfrfrf  (Scheme  lc)  [15].  Herein,  we 
want  to  study  the  coordination  mode  of  Hehbd  and  construct  new 
heterometallic  coordination  polymers.  In  our  previous  works,  we 
have  reported  a  number  of  heterometallic  Co11  or  Ni n/M  (M=  Li+, 
Na+,  K+)  clusters  or  coordination  polymers  [13-17].  In  this  paper, 
we  report  one  new  heterometallic  1-D  chain  [ZnNa(ehbd)2(N3)]n  (1) 
and  one  novel  heterometallic  Cu11/ Na1  pentanuclear  2-D  layer 
[Cu3Na2(ehbd)2(N3)6]n  (2)  which  were  synthesized  at  room  tempe¬ 
rature. 


2.  Experiment 

2A.  Material  and  physical  measurements 

All  chemicals  were  commercially  available  and  used  as  received 
without  further  purification.  Elemental  analyses  (CHN)  were  per¬ 
formed  using  an  Elemental  PE  2400  series  II  elemental  analyzer. 
FT-IR  spectra  were  recorded  from  KBr  pellets  in  the  range  4000- 
400  cm-1  on  a  Bio-Rad  FTS-7  spectrophotometer.  UV-vis  spectra  were 
recorded  in  the  range  200-550  nm  on  a  UV-2450  spectrophotometer. 
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Scheme  1.  Coordination  modes  of  ehbd  ligand. 


Thermal  analyses  were  performed  in  a  nitrogen  atmosphere 
at  temperature  in  the  range  of  25-800  °C  with  a  heating  rate  of 
10  °C/min  on  a  Mettler-Toledo  TGA/SDTA851e  thermobalance.  The 
crystal  structures  were  determined  by  single-crystal  X-ray  diffrac¬ 
tion,  using  the  SHELXL  crystallographic  software  for  molecular 
structures.  Luminescence  spectra  were  performed  on  a  Hitachi 
F-4600  fluorescence  spectrophotometer  at  room  temperature. 
Magnetization  measurements  were  carried  out  with  a  Quantum 
Design  MPMS-XL7  SQUID  to  5  T  for  2. 

2.2.  Synthesis 

22.1.  [ZnNa(ehbd)2N3]n  (1) 

A  mixture  of  Zn(CH3COOH)2  •  2H20  (0.165  g,  0.75  mmol),  Hehbd 
(0.125  g,  0.75  mmol),  NaN3  (0.0973  g,  1.5  mmol)  and  acetonitrile 
(10  mL)  was  stirred  for  30  min  at  room  temperature,  then  kept  at 
room  temperature.  Yellow  block  crystals  of  1  were  obtained  after 
3  days.  Yellow  crystals  of  1  were  collected  by  filtration,  washed 
with  acetonitrile  and  dried  in  air.  Phase  pure  crystals  of  1  were 
obtained  by  manual  separation  (yield:  0.137  g,  ca.  79.30%  based  on 
Hehbd  ligand).  Anal.  Calc,  for  1:  Ci8H18ZnN3Na06  (Mr =460.73), 
Calc.:  C,  46.88;  H,  3.91;  N,  9.11;  Found:  C,  46.76%;  H,  3.97%;  N, 
9.18%.  IR  data  for  1  (KBr,  cm-1):  3398  (w),  2076  (s).  1625  (s).  1538 
(w),  1437  (m),  1335  (w),  1201  (s),  1099  (w),  897  (w),  742  (m). 

2.2.2.  [Cu3Na2(ehbd)2(N3)6l„  (2) 

Complex  2  can  be  prepared  in  a  similar  way  to  1,  except  that  Zn 
(CH3COOH)2  •  2H20  was  replaced  by  Cu(C104)2  •  6H20.  Black  crys¬ 
tals  of  2  were  collected  by  filtration,  washed  with  acetonitrile  and 
dried  in  air.  Phase  pure  crystals  of  2  were  obtained  by  manual 
separation  (Yield:  0.124  g,  ca.  60.7%  based  on  Cu  ion).  Anal.  Calc,  for 
2:  Ci8Hi8Cu3N18Na206  (Mr=819.13),  Calc.:  C,  26.43;  H,  1.96;  N, 
30.84.  Found:  C,  26.39%;  H,  2.01%;  N,  30.89%.  IR  data  for  2  (KBr, 
cm-1):  3430  (m),  2930  (w),  2067  (s).  1600  (s),  1442  (w),  1332  (w), 
1216  (m),  1090  (w),  890  (w),  747  (w). 

Caution:  Perchlorate  salts  and  azide  salts  are  potentially  explo¬ 
sive  and  should  be  handled  in  small  quantities  and  with  great 
caution. 

2.3.  Crystal  structure  determination 

Two  diffraction  data  were  collected  on  an  Agilent  G8910A  CCD 
diffractometer  with  graphite  monochromated  Mo  Ka  radiation 
(2=0.71073  A),  using  the  go-0  scan  mode  in  the  ranges  3.01°  < 
6  <25.01°  (1)  and  3.63°  <  6  <  25.09°  (2).  Raw  frame  data  were 
integrated  with  the  SAINT  program.  The  structures  were  solved  by 
direct  methods  using  SHELXS-97  and  refined  by  full-matrix  least- 
squares  on  F2  using  SHELXS-97  [33].  An  empirical  absorption 
correction  was  applied  with  the  program  SADABS  [33].  All  non¬ 
hydrogen  atoms  were  refined  anisotropically.  All  hydrogen  atoms 
were  positioned  geometrically  and  refined  as  riding.  Calculations 
and  graphics  were  performed  with  SHELXTL  [33].  The  crystal¬ 
lographic  details  are  provided  in  Table  1.  Selected  bond  distances 
and  angles  for  1  and  2  are  listed  in  Tables  2  and  3.  Crystallographic 
data  for  the  structural  analysis  have  been  deposited  with  the 


Table  1 

Crystallographic  data  for  complexes  1  and  2. 


Complexes 

1 

2 

Formula 

CisHisNsZnNaOe 

Ci8Hi6NisCu3Na206 

Formula  mass 

460.73 

817.12 

Crystal  size  (mm) 

0.26  x  0.18  x  0.16 

0.38  x  0.34  x  0.32 

Crystal  system 

Orthorhombic 

triclinic 

Space  group 

Pbca 

Pr 

a  (A) 

11.234  (1) 

9.198(2) 

b  (A) 

18.457  (1) 

9.390(2) 

c  (A) 

19.130  (1) 

10.640(2) 

a  (°) 

90.00 

64.87(2) 

fin 

90.00 

69.44(2) 

7  (°) 

90.00 

65.63(2) 

V(A3) 

3966.6  (2) 

740.4(3) 

F( 000) 

1888 

407 

z 

8 

1 

Dc  (g  cm"3) 

1.5429 

1.833 

V  (mm-1) 

1.300 

2.233 

0  range  (°) 

3.01-25.01° 

3.63-25.09 

Ref.  meas./indep. 

10770,  3493 

4223,  2596 

Obs.  ref.[J>  2o(I)] 

2656 

1322 

Rint 

0.0271 

0.0787 

R,  [l>2o{l)f 

0.0382 

0.0896 

a>R2(a\\  data)b 

0.0903 

0.2453 

Goof 

1.040 

1.007 

A^max,  min)  (e  A-3) 

0.5298,  -0.6013 

1.088,  -0.878 

a  Ri=ZIIF0l-IFcll/ZIF0l. 
b  wF2=  [EwOFol-lFcl^/EwOFol)2]1/2. 


Table  2 

Metal-ligand  bond  lengths  and  bond  angles  (°)  of  complex  1. 


N1-N2 

1.118(4) 

03-Nal" 

2.406(2) 

Nl-Znl 

1.937(3) 

04-Znl 

1.955(2) 

N2-N3 

1.128(5) 

06-Znl 

2.135(2) 

Nal-04 

2.271(2) 

06-Nal" 

2.408(2) 

Nal-OT 

2.272(2) 

Ol-Znl 

1.957(2) 

Nal-031 

2.406(2) 

Ol-Nal" 

2.272(2) 

Nal-05 

2.407(2) 

02-Znl 

2.145(2) 

Nal-061 

2.408(2) 

Nal-02 

2.508(3) 

04-Nal-Ol1 

163.15(9) 

N1-N2-N3 

171.7(5) 

04-Nal-03i 

119.78(8) 

Znl-Oe-Nal” 

95.54(9) 

OT-Nal-CB1 

67.45(8) 

Nl-Znl -04 

117.71(14) 

04-Nal-05 

67.86(7) 

Nl-Znl-Ol 

119.92(14) 

OT-Nal-05 

125.95(9) 

04-Znl -01 

122.36(9) 

03i-Nal-05 

110.02(8) 

Nl-Znl-06 

96.07(14) 

04-Nal-06i 

95.53(8) 

04-Znl -06 

88.34(8) 

OP-Nal-Oe1 

72.35(8) 

Ol-Znl-06 

84.88(8) 

03i-Nal-06i 

137.00(8) 

Nl-Znl -02 

97.85(14) 

05-Nal-06‘ 

105.44(9) 

04-Znl -02 

86.01(8) 

04-Nal-02 

71.52(8) 

Ol-Znl-02 

87.40(9) 

OT-Nal-02 

95.40(8) 

06-Znl -02 

166.05(9) 

03i-Nal-02 

83.63(9) 

Znl-01-Nalu 

105.39(9) 

05-Nal-02 

138.66(8) 

Znl-02-Nal 

93.95(9) 

06^1-02 

85.59(9) 

Znl-04-Nal 

107.38(9) 

Symmetry  codes:  (i)  x- 

1/2,  y, -z+3/2;  (ii) 

x+1/2,  y, -z+3/2. 

Cambridge  Crystallographic  Data  Center  (CCDC  reference  num¬ 
bers:  1000126-1000127). 


3.  Results  and  discussion 

3.1.  Structural  description 

3.1.1.  [ZnNa(ehbd)2N3]n  (1) 

Single-crystal  X-ray  diffraction  analysis  reveals  that  1  belongs  to 
the  orthorhombic  space  group  Pbca.  Each  Zn11  ion  of  the  monomer  is 
coordinated  with  four  O  atoms  from  two  different  ehbd~  ligands 
and  one  N  atom  from  NT  formed  a  coordination  anion  [Zn(ehbd)2 
(N3)]-  (Fig.  la).  Herein,  the  ehbd- ligand  displays  the  iiy.rf-.rf-.rf 
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Table  3 

Metal-ligand  bond  lengths  and  bond  angles  (°)  of  complex  2. 


Cul -01 

1.898(7) 

N6-N5 

1.145(13) 

Cul-Nl 

2.453(11) 

N5-N4 

1.181(13) 

Cul -03 

2.019(8) 

N1-N2 

1.212(14) 

Cu2-Nl 

1.937(10) 

N2-N3 

1.129(15) 

Cu2-N7n 

2.023(9) 

N8-N9 

1.127(13) 

Cu2-N7 

2.014(9) 

N8-N7 

1.192(13) 

Cu2-N4 

1.957(10) 

Nal-N9u 

2.816(13) 

01 -Nal 

2.256(9) 

Nal-Nfr 

2.431(12) 

02-Nal 

2.397(9) 

Nal-N9iv 

2.417(12) 

OS'-Nal 

2.489(8) 

OT-Cul-Ol 

180.0(4) 

02-Nal-N6‘ 

109.6(4) 

Ol-Cul-Nl1 

90.8(3) 

02-Nal -N9iv 

124.6(3) 

01 -Cul-Nl 

89.2(3) 

02-Nal -N9U 

79.2(3) 

01 -Cul -OS1 

87.3(3) 

02-Nal-03i 

135.0(3) 

01 -Cul -03 

92.7(3) 

Ne^Nal-NO” 

169.4(4) 

NU-Cul-Nl 

180.0(3) 

Ne^Nal-OS1 

84.6(4) 

OS^Cul-Nl 

90.9(3) 

N^-Nal-N^ 

95.2(4) 

03-Cul-Nl 

89.1(3) 

N9iv-Nal-N9n 

74.6(4) 

O^-Cul-OS 

180.0(5) 

Ng^-Nal-OS1 

94.8(3) 

Nl-Cu2-N7u 

91.7(4) 

OS^Nal-N^1 

93.2(3) 

Nl-Cu2-N7 

166.3(4) 

01-Nal-02 

66.3(3) 

Nl-Cu2-N4 

98.1(4) 

Ol-Nal-N^ 

99.4(4) 

N7-Cu2-N7u 

77.8(4) 

Ol-Nal-Ng" 

89.4(3) 

N4-Cu2-N7" 

170.2(4) 

01-Nal-N9iv 

157.1(4) 

N4-Cu2-N7 

92.6(4) 

Ol-Nal-031 

69.3(3) 

Cul -01 -Nal 

107.6(4) 

NaP^-Ng-Nal11 

105.4(4) 

N9-N8-N7 

178.0(11) 

Cu2-N7-Cu2“ 

102.2(4) 

Cu2-Nl-Cul 

116.3(5) 

N6-N5-N4 

176.4(13) 

N3-N2-N1 

175.5(15) 

Cul-03-Nal1 

95.8(3) 

Symmetry  codes:  (i)  -x+2,  -y+1,  -z+1;  (ii)  -x+2,  —y+ 2,  -z+1;  (iii)  x— 1, 
y+1,  z;  (iv)  x+1,  y- 1,  z. 


coordination  mode  (Scheme  la).  It  is  unusual  pentdentate  ju3:rj2:rj2: 
rf  coordination  mode  which  has  not  been  reported  until  today.  To 
our  best  knowledge,  only  two  coordination  modes  of  the  3-ethoxy-2- 
hydroxy-benzaldehyde  ligand  have  been  reported  (Scheme  lb,  c) 
[15,30-32].  Each  coordination  anion  [Zn(ehbd)2(N3)]_  regarded  as  a 
metal  complex  ligand  displays  sixdentate  p2 rfrfrfrfrf'.rj1  coor¬ 
dination  mode  which  links  two  Na1  ions.  The  azido  group  as  terminal 
ligand  forms  monodentate  coordination  mode.  The  terminal  azido 
ligand  is  almost  linear  with  N-N-N  angle  of  171.6(5)°,  whereas  bond 
distances  of  N(l)-N(2)  and  N(3)-N(2)  are  1.118(4)  and  1.128(5)  A, 
respectively. 

Each  Na  ion  forms  [Na06]  octahedral  geometry  completed  by 
two  phenolato  oxygen,  two  aldehyde  oxygen  and  two  ethyoxyl 
oxygen  atoms  from  two  ehbd~  ligands  (Fig.  la).  The  Nal-0 
distances  are  in  the  ranges  2.271(2)-2.508(2)  A  which  are  in 
accordance  with  the  other  sodium  compounds  of  Nal-0  distances 
(Nal-0  distances  range  from  2.250  to  2.581  A)  [26,34-36].  Each 
pair  of  Zn11  and  Na  is  bridged  by  two  ju2- O  (phenolic  hydroxyl  and 
aldehyde  oxygen).  The  Znl-Nal  distances  are  in  the  ranges  3.369- 
3.410  A.  Complex  1  further  constructed  1-D  chain  (Fig.  lb)  which 
formed  2-D  network  through  H--  Na  interaction  (H4---Nal1, 
3.547  A,  symmetry  code:  (i)  1  -x,  0.5 +y,  1.5 -z). 


3.1.2.  [Cu3Na2(ehbd)2(N3)6]n  (2) 

Compound  2  was  synthesized  in  a  similar  way  as  that  for  1, 
except  Zn(CH3COOH)2  •  2H20  was  replaced  by  Cu(C104)2  •  6H20. 
Single-crystal  X-ray  diffraction  analysis  reveals  that  2  crystallizes 
in  a  triclinic  Pi  space  group  with  the  asymmetric  unit  containing 
one  and  half  crystallographically  independent  Cu11  ions,  one  Na+, 
one  ehbd~  ligand  and  three  coordinated  N3  ions  as  shown  in 
Fig.  2a.  The  Cul  is  six-coordinated  by  four  O  atoms  (01,  01A,  03, 
03A)  from  two  different  ehbd~  ligands  and  two  N  atoms  (Nl,  N1  A) 
from  azide  groups  forming  a  slightly  distorted  octahedral  geome¬ 
try.  The  bond  distances  of  Cul -01  and  Cul -03  are  1.898(7)  and 
2.019(8)  A,  respectively.  The  Cul-Nl  distance  is  2.453(11)  A  and 


the  bond  length  difference  may  be  caused  by  the  Jahn-Teller  effect 
[37-39].  Each  Cul  ion  is  connected  to  two  Na1  ions  and  two  Cu2 
ions  by  four  p2-0  bridges  and  two  y^i.i-N  bridges. 

The  Cu2  atom  is  four-coordinated  by  four  N  atoms  from  four 
azide  groups  forming  a  slightly  square-planar  geometry.  The  bond 
distances  of  Cu2-Nl,  Cu2-N7\  Cu2-N7,  Cu2-N4  (symmetry  code: 
(i)  —x+2,  -y+2,  -z+1)  are  1.937(10),  2.023(9),  2.014(9),  and 
1.957(10)  A,  respectively.  Each  Cu2  ion  is  connected  to  five  Na+ 
ions  and  other  two  Cu11  ions  through  one  //i(3-N3,  one  fiu-N3  and 
two  p i,i,3(3-N3  bridges,  respectively. 

The  Na+  ion  is  six-coordinated  by  three  O  atoms  (01,  02,  03 A, 
symmetry  code:  (A)  2-x,  1 -y,  1  -z)  of  two  ehbd~  ligands  and 
three  N  atoms  (N6A,  N91,  N911,  symmetry  codes:  (i)-x+2,  -y  +  2, 
-z+1;  (ii)  x+1,  y  — 1,  z)  from  one  jWi>3-N3  and  two  pUt3t3-N3 
bridges  and  forms  an  obviously  distorted  octahedral  geometry.  The 
Na-X  (X=Of  N)  distances  are  in  the  ranges  2.256(9)-2.816(13)  A, 
and  the  angles  subtended  at  the  Nal  ion  range  from  66.3(3)  to 
124.6(3)°.  The  distances  of  Na---H  in  2  are  within  the  range  of 
agnostic  interaction  from  2.918  to  2.960  A  because  the  coordina¬ 
tion  environment  of  Na  ion  is  an  obviously  distorted  octahedral 
geometry  [14].  Each  Na+  ion  is  connected  to  one  Cul  ion  by  two 
ju2- O  bridges,  one  Nal  ion  by  two  //i,i,3(3-N3  bridges  and  five  Cu2 
ions  by  two  juUt3t3-N3  bridges  and  one  jut3-N3  bridge.  In  2,  the  Cu 
ion  formed  one-dimension  (1-D)  chain  through  jWi,i-N3  and 
^i.i.3.3-N3  bridge  as  shown  in  Fig.  2b.  In  intra-chain,  the  bond 
distances  of  Cul--Cu2  and  CU2--CU21  (symmetry  code:(i)-x+2,- 
y+2,-z+l)  are  3.739  and  3.142  A,  respectively,  while  the  mag¬ 
netic  exchange  angles  of  Cul-Nl-Cu2  and  CU2-N7-CU21  are  116.3 
(5)°  and  102.2(4)°,  respectively.  The  1-D  chain  further  constructed 
2-D  network  through  lis.rfrfrf-ehbd  ligand  and  two  //i,i,3(3-N3 
bridges  (Fig.  2c). 

In  1  and  2,  the  ehbd~  ligand  displays  a  rare  coordination  mode 
which  is  ii3:rj2\rj2\rjl-ehbd  (Scheme  la),  while  the  azide  groups 
display  four  coordination  modes  which  are  //i-N3,  p^3-N3}  /U(3-N3, 
^i.i.3.3-N3.  The  result  indicates  that  the  azido  group  has  abundant 
coordination  modes.  Contrast  to  the  syntheses  and  structures  of 
the  two  complexes,  the  coordination  modes  of  azide  ligand  are 
different  that  may  be  attributed  to  the  variance  of  metal  ions. 

3.2.  Solvent  and  solid  state  luminescent  properties  of  1 

Previous  studies  have  shown  that  coordination  compounds 
containing  d10  metal  centers  such  as  Zn(II)  may  exhibit  excellent 
luminescent  properties  and  have  potential  applications  as  photo¬ 
active  materials  [40,41  ]. 

In  this  study,  luminescent  properties  of  compound  1  and  the  free 
Hehbd  ligand  have  been  investigated  in  DMF  solvent  with  concentra¬ 
tions  of  4  x  10-6  and  8  x  10"6  mol  L“\  respectively  (Fig.  3).  Upon 
photoexcitation  at  375  nm,  the  free  ligand  Hehbd  is  a  green  lumines¬ 
cent  compound  with  the  maximum  at  500  nm  predominantly 
assigned  to  transition  fluorescence.  At  the  same  photoexcita¬ 

tion,  1  exhibits  a  blue  luminescent  emission  band  at  455  nm. 
Compared  to  the  free  ligand  Hehbd ,  with  45  nm  blue-shifted,  the 
emission  at  455  nm  probably  originates  from  metal  to  ligand  charge 
transfer  (MLCT)  excited  state  [42,43].  The  compound  1  represents  a 
novel  qualitative  change  of  luminescence  property  which  results  from 
the  interaction  between  metal  ion  and  ligand.  The  ligand  Hehbd  has 
relatively  large  Ji-conjugated  system  of  benzene  ring  and  phenolato 
oxygen,  aldehyde  oxygen,  and  ethoxy  oxygen  donors  forming  fi5:rj2: 
^^-penta-dentate  coordinate  to  Zn(II)  ion  and  Na  ion  which  benefits 
the  charge  transfer  from  Zn(II)  ion  to  ehbd~  ligands.  As  a  result,  the 
luminescence  intensity  of  the  compound  1  is  much  higher  than  that  of 
the  Hehbd  ligand.  In  addition,  the  chelation  of  the  ligand  to  metal  ion 
increases  their  rigidity  and  thus  reduces  the  loss  of  energy  by  thermal 
vibration  decay  [44].  Compound  1  may  be  good  candidate  for  useful 
photoactive  material  due  to  its  strong  luminescent  emissions. 
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Fig.  1.  (a)  The  structure  of  1;  (b)  1-D  chain  of  1.  All  hydrogen  atoms  were  omitted. 


At  the  same  time,  solid  state  luminescent  properties  of  com¬ 
pound  1  and  the  free  Hehbd  ligand  have  been  investigated  at  room 
temperature  (Fig.  4).  Upon  photoexcitation  at  280,  300,  340, 
375  nm,  the  free  Hehbd  ligand  and  1  exhibit  a  green  fluorescent 
emission  band  with  the  maximum  at  530  and  498  nm,  respec¬ 
tively,  which  are  also  assigned  to  transition  fluorescence. 

Compared  to  the  solvent  luminescent  of  the  free  Hehbd  ligand 
and  1,  with  30  and  43  nm  red-shift,  respectively,  the  red-shift  is 
assigned  to  the  aggregation  induced  emission  [45].  As  shown  in 
Fig.  4,  the  fluorescence  strength  of  the  free  Hehbd  ligand  and  1  is 
decreased  while  the  wavelength  of  excitation  wavelength  is 
increased.  In  addition,  according  to  the  standard  samples  of 
naphthalene,  the  fluorescence  quantum  yield  of  1  is  0.077. 


4.  IR,  UV  spectrum  and  thermal  stabilities  properties 

The  IR  spectral  data  of  the  ligand  Hehbd  and  the  compounds  1 
and  2  are  shown  in  Fig.  5.  Compared  to  Hehdb  ligand,  the 
complexes  1  and  2  showed  a  new  strong  characteristic  stretching 
vibration,  vas  (N3),  of  the  azide  ligand  in  the  range  of  2067- 
2076  cm-1  [46,47].  Although  there  are  three  different  bonding 
modes  of  azide  ligand  in  complex  2,  only  one  band  was  observed 
as  the  complex  1.  It  is  significant  that  band  at  1647  cm-1  is 
attributable  to  the  carbonyl  bond  v  (C=0)  of  the  free  Hehbd  ligand 
[29]  which  red  shift  to  1625  and  1600  cm-1  for  1  and  2,  respec¬ 
tively.  The  results  indicate  that  the  aldehydo  oxygen  of  the  Hehbd 
ligand  is  coordinated  [29].  The  C-0  stretching  vibrations  of  the 


free  Hehbd  ligand  at  1254  cm-1  exhibit  red  shifts  to  1201,  and 
1216  cm-1  for  1  and  2,  respectively,  suggesting  its  participation  in 
chelation  [48-50]. 

The  UV-vis  spectra  of  the  free  Hehbd  ligand,  1  and  2  are  studied 
in  the  ranges  200-800  nm  in  DMF  solutions  (Fig.  SI).  The  UV-vis 
spectrum  of  the  ligand  Hehbd  showed  two  peaks  at  270  and 
340  nm  and  it  can  be  assigned  to  n^jf,  overlaps  with 

charge  transfer  respectively.  In  1,  the  two  peaks  are  shifted  to 
284  nm,  352  nm,  but  in  2,  the  two  peaks  do  not  shift.  Complex  1 
contains  metal-to-ligand-charge-transfer  (MLCT)  [42,43]  and 
increases  charge  density  of  the  ligand  ehbd~ ,  while  complex  2 
does  not  contain  metal-to-ligand-charge-transfer  (MLCT).  As  a 
result,  in  1,  the  two  peaks  at  270  and  340  nm  are  red  shifted  to 
14  nm  and  12  nm,  respectively  while  the  two  peaks  at  270  and 
340  nm  do  not  shift  in  2. 

The  thermal  stabilities  of  1  and  2  have  been  investigated  by 
thermogravimetric  analysis  (Fig.  S2).  Complex  2  displays  a  fast 
decomposition  in  the  range  160-370  °C.  It  is  attributed  to  the 
higher  nitrogen  content  of  2.  In  fact,  2  contains  six  azido  groups.  1 
loses  one  monodentate  azido  group  (found  8.52%,  calcd.  9.11%) 
from  155  to  178  °C.  The  polymeric  residue  [ZnNa(ehbd)2]nh  con¬ 
tinuously  decomposes  at  240  °C. 

4.1.  Magnetic  property 

The  magnetic  susceptibilities  of  2  were  measured  from  crushed 
single  crystalline  samples  under  an  applied  field  of  1  kOe  for  1  at 
temperature  range  of  2-300 1<  (Fig.  5).  The  spin-orbit  coupling  of 


210 


S.-H.  Zhang  et  al.  /  Journal  of  Solid  State  Chemistry  220  (2014)  206-212 


Fig.  2.  (a)  The  structure  of  2,  symmetry  code:  (a)  2-x,  1  -y,  1  -z.  (b)  1-D  chain  of  2; 
(c)  2-D  network  of  2;  all  hydrogen  atoms  were  omitted. 


Fig.  3.  Solvent  luminescence  spectrum  of  the  Hehbd  ligand  and  the  complex  1. 


the  three  Cu(II)  ions  gives  rise  to  a XmT  product  of  1.32  cm3  K  mol-1 
at  room  temperature.  The  XmT  value  is  slightly  higher  than  the  three 
non-interacting  Cu(II)  ions  1.125  cm3  Kmol-1  assuming g=2.0  [51]. 
It  must  be  noted  that  the  observed  value  of  1  is  also  slightly  higher 
than  what  was  obtained  for  [Cu3(yW-i4-N3)6(dmp)2]n  (dmp  is 
l-hydroxymetyl-3,5-dimethylpyrazole)  ( ~  1.399  cm3  K  mol-1)  [51  ], 
[Cu3(N3)6(2,2,-tpcb)(DMF)2]n  (2,2'-tpcb  is  rctt-tetrakis(2-pyridyl) 
cyclobutane)  ( ~  1.38  cm3  I<  mol-1)  [52].  With  decrease  in  T,  the 


Wavelength  /  nm 

Fig.  4.  Emission  spectra  of  the  compound  1  and  the  Hehbd  ligand  in  a  solid  state  at 
280,  300,  340,  375  nm  (arrow  direction)  excitation  wavelength  at  room 
temperature. 


V  /  cm"1 


Fig.  5.  The  IR  of  the  Hehbd  ligand,  complexes  1  and  2. 


value  of  XmT  gradually  increases  to  a  maximum  value  of 
1.52  cm3  K  mol-1  at  20  K,  then  quickly  falls  to  0.84  cm3  K  mol-1 
at  2  K.  The  magnetic  behavior  of  2  indicates  a  moderately  strong 
ferromagnetic  interaction.  The  Xm  curve  also  supports  the  results. 
The  Xm  value  increases  continuously  as  the  temperature  decreases. 

The  temperature  dependence  of  the  reciprocal  susceptibility  (xm) 
above  50  K  follows  the  Curie-Weiss  law  \Xm=CI(T-6)]  with  a  Weiss 
constant  of  6=  11.04 1<  and  Curie  constant  of  C=  1.28  cm3 1<  mol-1 
(Fig.  S3).  The  positive  Weiss  constant  and  the  changing  tendency  of 
XmT  -  T  curve  above  20  I<  for  2  indicate  the  nature  of  ferromagnetic 
coupling  between  Cu(II)  ions.  The  weak  antiferromagnetic  coupling 
at  low  temperature  may  be  attributed  to  zero-field  splitting  within 
the  ground  state,  Zeeman  effects. 

Examination  of  the  bond  lengths  and  angles  between  Cu(II) 
centers  in  2  for  magnetostructural  correlations  reveals  an  obvious 
ferromagnetic  interaction  between  Cu2  and  Cu2  and  antiferro¬ 
magnetic  interaction  between  Cu2  and  Cul  based  on  magnetic 
exchange  angels  which  are  102.2(4)°  and  116.3(5)°,  respectively. 
As  well  known,  the  azide  copper  complex  shows  ferromagnetic 
coupling  if  the  magnetic  exchange  angle  of  symmetric  EO  azide 
bridge  is  lower  than  104°  [51,53-55].  The  1-D  paramagnetic 
copper  chain  gives  the  Van  Vleck  Equation  (Eq.  (1))  based  on  the 
Hamiltonian: 

-2;(S1S2+S1S3)-27'S2S3 

_  Ng2  p2  \+e2J-  2J'tkT  + 1 0e3J/kT 

Xm-  4jcj  x  -l+e2j-2j'/kT  +  2e3J/kT  (  ’ 
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Fig.  6.  Plot  of  xmT  and  vs  T  measured  in  a  1000  Oe  field  for  2.  The  solid  lines 
represent  the  best  fits  of  data  as  described  in  the  text.  Inset  indicates  the  exchange 
pathway  between  the  Cu(II)  ions. 

where  J  characterizes  the  exchange  CU2---CU21  through  symmetric 
double  i2 1,1 -N3  bridges  while  the  magnetic  exchange  angle  is  102.2 

(4) °;  f  characterizes  the  exchange  Cul--Cu2  through  one  asym¬ 
metric  j2 1,1 -N3  bridge  while  the  magnetic  exchange  angle  is  116.3 

(5) °  (inset  Fig.  6). 

The  best  fitting  gave  g=2.09,  7=36.81  cm-1,  ]'=  -20.22  cm-1, 
and  r  =  Z(xobs  -xcaic)2  /Z(xobs)2  =23  x  10-5.  These  results  support 
ferromagnetic  coupling  between  Cu2  and  Cu2  ions,  but  anti¬ 
ferromagnetic  coupling  between  Cu2  and  Cul  ions,  which  is  in 
accordance  with  the  structure  of  the  magnetic  exchange  angle 
[51,53-55].  As  we  known,  symmetric  doubly  EO  azido-bridged  Cu 
(II)  compounds  are  always  ferromagnetically  coupled  in  lower 
Cu-N-Cu  angle  of  104°  [51,53-55],  while  the  asymmetric  end-on 
bridges  produce  antiferromagnetic  behavior  [55].  Herein,  it  is 
doubly  symmetric  EO  bridges  between  Cu2  and  Cu2\  while  Cul- 
Nl-Cu2  bridge  is  an  asymmetric  single  bridge. 

Given  the  magnitude  of  ac,  susceptibility  studies  were  carried 
out  in  the  2-10  K  range  at  frequencies  of  100  and  997  Hz.  (Fig.  S4) 
In-  and  out-of-phase  ac  susceptibility  signals  have  no  dependent 
frequency  between  2  and  10  K.  All  of  the  magnetic  results  indicate 
that  complex  2  does  not  show  SCM  behavior  above  2  K. 


5.  Conclusion 

We  have  described  the  syntheses,  structures,  luminescent  and 
magnetic  properties  of  two  Zn(II)  and  Cu(II)  coordination  polymers 
with  azide  and  3-ethoxy-2-hydroxybenzaldehyde.  Compound  1 
presents  a  1-D  chain  while  compound  2  is  an  interesting  2D 
framework.  In  1  and  2,  the  ehbd~  ligand  displays  a  rare  i23\rj2\r]2\ 
rf-ehbd  coordination  mode,  while  the  azide  groups  display  ^ -N3, 
/H.i-N3,  /H,3-N3,  ji i,i,3(3-N3  four  coordination  modes. 

On  the  other  hand,  the  azide  ligands  also  play  an  important  role 
in  the  presence  of  the  two  complexes.  Although  the  same  Hehbd 
ligands  were  used  under  similar  synthetic  conditions,  the  struc¬ 
ture  of  2  is  more  complicated  than  that  of  1.  The  coordination 
modes  of  azide  ligand  in  2  are  more  than  that  of  1.  Thus  the 
structural  discrepancies  between  1  and  2  may  be  attributed  to  the 
differences  in  the  coordination  modes  of  azide  ligand  to  some 
extent. 
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